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LIFE"FORMS AND BIOLOGICAL SPECTRA OF THE 
FLORA OF BACON'S SWAMP, INDIANA 
By ALICE PHILLIPS 
During thE' nineteenth and the first part of the twentieth century no 
detailed statistical studies of vegetation in relation to climate had been 
devised. The work relating to the two was broad, general and super­
ficial. Climatic formations of the world had been described and classi­
fied by plant geographers and early ecologists, as Schimper, Warming, 
Cowles and others. Work was done classifying regions as xerophytic, 
mesophytic or hydrophytic, but no methods had been published giving 
means of ascertaining in more detail the degree of xerophytism, meso­
phytism or hydrophytism. In 1909, C. Raunkiaer, of Copenhagen, 
Denmark, published a paper on "Life-Forms and Statistical Methods." 
This work concerned methods which the author had devised to measure 
the total climatic influences on plants by means of the plants them­
selves. It was an effort to apply quantitative methods to plants and 
to classify them as to life-form. The factor selected by Raunkiaer was 
the adaptation of plants to the critical season as indicated by the degree 
and nature of the protection afforded dormant perennating buds. Raun­
kiaer, in addition to his theory, classified four hundred plants carefully 
selected from the entire world, fitting each into its proper life-form (as 
based on the protection of the perennating bud), and called the per­
centages of the groups of growth forms a world normal biological spec­
trum. Raunkiaer stated that a count of the different kinds of plants 
according to his classification would indicate the nature of the habitat 
and give a biological spectrum for it. 
The "life-form" method of Raunkiaer came into immediate use. In 
1913, W. G. Smith (6) published in the Journal of Ecology an article 
translating in part and discussing Raunkiaer's life-forms and statistical 
methods. In 1915, Ove Paulsen (5), a Danish scientist, gave an account 
of his use of Raunkiaer's method in comparing the vegetation of'dif­
ferent localities in the North American desert regions with that of the 
Asiatic steppes by means of biological spectra of each vegetation. He 
noted that, coincident witb an increase of xerophytism, there was a 
definite trend in the change of the life-form percentages. In 1918, Fuller 
and Bakke (4) attempted to coincide biological spectra with the physi­
ognomy of vegetation. They state: 
4l 
"Formation spectra have both biological and physiognomical signifi­
cance; biologically they characterize the formations with the life-form 
which primarily dominates; they also characterize the fonnations with 
respect to the life-forms which determine the aspect of the physiognomy P 
of the vegetation." Sub 
R. S. Adamson (1), in 1918, dealt with some extensive work which 
he had done in South Africa on Table Mountain. He used Raunkiaer's 
method in indicating the relationship of plant communities, especially 
in'regard to succession. He employed spectra of the life-forms to show 
similarities and differences in the various stages of succession from the 
xerophytic to the climax stages. 
THE VEGETAnON OF BACON'S SWAMP 
The present investigation into life-forms is in connection with the Po 
various vegetational associations at Bacon's Swamp, Marion county, 
SoIndiana. Bacon's Swamp is an extinct glacial lake, near the southern 
boundary of the late Wisconsin glaciation. It has been filled with peat 
deposited partly under bog and rartly under swamp c·onditions. 
S. A. Cain (2) has dealt with the vegetational changes to which the 
swamp has gradually been subjected. He has divided these changes Ina 
into two types of succession, a bog succession and a swamp succession Sub 
(Figure 1). Of the former, there is but one stage remaining, a wet 
meadow occupying the center of the swamp. The substratum of the 
meadow is organic, being made up largely of the remains of Sphagnum 
and other bog plants. The peat is acid in its reaction. The meadow is 
now dominated by Calamagrostis canadensis.' Associated with it are 
such species as Dulichium arundi1taceum, Hypericum virgi1ticum and 
Aspidium thelypteris. Among the plants which indicate the previous bog 
conditions are such relics as Sphagnum (in small amounts), Decodon 
verticillatus, Rosa palustris and Potentilla palustris. 
Of the swamp succession, there remain several stages. Carex im 
pressa is found immediately surrounding the wet meadow, growing in 
somewhat deeper water. In turn, it gives way to a growth of Typha 
lati/olia. Typha is succeeded by a zone of buttonbush, occupying the 
region of deepest water, usually called the moat. The buttonbush zone 
is very well defined, although there are indications that lead to the 
'Nomenclature: Gray's New Manual of Botany. 7th Ed.
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conclusion that the growth of Cephalanthus was at one time wider 
spread than at present. The next stage represented is just beyond the 
Cephalanthus and is dominated by Salix nigra. A lowland forest, con­
taining principally Acer rubrum, Populus deltoides, Fraxinus profunda 
and Nyssa sylvatica, succeeds the black willow zone. This in turn pre­
pares the way for an upland or beech-maple climax forest. There are 
places in the swamp where a fen growth prevails between the black 
willow zone and the lowland forest. This growth is probably a part of 
a secondary succession taking place at points where the vegetation of 
the primary succession was destroyed. The substratum underlying the 
stages of the swamp succession is circumneutral in reaction, in contrast 
to the acid reaction of the bog substratum. 
There are a few hydrophytic associations with Nymphaea, etc., scat­
tered over the swamp. The succession is not one of the bog type, due 
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to the present half-drained character of the swamp. There are also cer­
tain floating hydrophytes, as Lemna minor, Lemna trisulca and W olffia 
columbiana, found scattered about the swamp, intermingled with the 
rooted hydrophytic or the marsh plants. 
LIFE-FORM CLASSES 
It is very interesting to note how the plants of these various succes­
sions and their stages are classified according to Raunkiaer's method. 
Raunkiaer proposed five general life-form groups, three of which 
are subdivided into smaller groups. The five groups and their subdivi­
sions are: 
The PHANEROPHYTES, which are plants having their dormant buds 
on branches which project into the air and thus are woody plants. These 
may further be classified according to size, since this is determined by 
the relation between the plants and the humidity of the environment. 
The subgroups are: (1) the megaphanerophytes, which have a stature 
of over 30 metres; (2) the mesophanerophytes, 8-30 metres tall; (3) 
the microphanerophytes, ranging in height from 2-8 metres; and (4) the 
n.anophanerophytes, which are under 2 metres in height. 
The CHAMAEPHYTES include plants with their buds perennating on 
the surface of the ground or just above it (not exceeding 25 cm above 
it), so that in temperate and arctic regions they will be protected ill 
winter by the snow, while in other localities with a dry season som~ 
protection will be afforded by plant remains. The buds are thus better 
protected than in the phanerophytes. 
The HEMICRYFTOPHYTES are plants with their dormant buds in the 
upper crust of the soil, just below the surface; the aerial parts are her­
baceous and die away in the critical period, so that they form an addi­
tional protection to the earth-buds. In the present work, those plants 
wbose buds were buried not more than one inch in the soil were con­
sidered hemicryptophytes. 
The CRYPTOPHYTES are the plants with their dormant parts entirel" 
and well hidden. There are three divisions of the Cryptophytes,-the 
Geophytes, the Helophytes and the Hydrophytes. In the case of the 
geophytes, there are bulbs, rhizomes, tubers or similar structures deep 
below the soil surface. The helophytes are characterized by semiaquatic 
dormant buds and are marsh plants. The helophytes do not include 
all marsh species, but only such plants as are cryptophytes and have 
44 
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their buds buried at the bottom of the water or in the subjacent soil. 
The hydrophytes are the water plants and have either perennating 
rhizomes or similar structures or winter buds beneath the water. 
The THEROPHYTES are plants of the favorable season and live through 
the critical season as seeds; hence they are annual plants. 
A classification of the flora of Bacon's Swamp according to the above 
groups gave the biological spectrum below (Table I). Included with 
the spectrum for the total flora are classifications for the various asso­
ciations. 
TABLE 1. BIOLOGICAL SPECTRA OF BACON'S 
SWAMP, INDIANA 
The abbreviations used for the different life forms are: 
T--':"'therophytes G-geophytes N-nanophanerophytes 
Ch-ehamaephytes Mg-megaphanerophytes H1-helophytes 
H-hemicryptophytes Ms-mesophanerophytes Hy-hydrophytes 
M-mierophanerophytes 
Tolal 
Spectrum Flora T Ch H G Mg M5 M N HI Hy 
Normal ...... 
Total 
400 13 9 27 3 3 6 17 20, 
flora ........ 
Upland
flora ........ 
164 2.43 
108 1.85 
1.83 
1.85 
22.53 
21.27 
21.32 
26.82 
9.13 
1LlO 
17.66 _ 12.18 
21.27 12.02 
4.26 
3.70 
4.87 3.65 
Lowland 
forest ...... 18 5.55 ...... 27.75 ........ 16.65 38.85 ........ 5,55 5.55 
Fen.............. 17 5.88 ...... 35.28 29.95 ....-... ........ ........ 5.88 23.52 
Moat ......... 10 ...... ..... .......­ ........ ........ ........ 80.00 20.00 
Aquatic ...... 
Wet 
8 ...... ...... ........ ........ ........ ........ ........ ........ 25.00 75.00 
meadow.. 17 5.88 5.88 29.95 5.88 ........ ........ 17.64 11.76 23.52 
Below is given the flora of Bacon's Swamp, classified according to 
Raunkiaer's method. 
1. PHANEROPHYTES 
( 1) MEGAPHANEROPHYTES 
Association 
1. Acer mbrum	 Lowland 
2. A. saccharum : Upland 
.3. CarJ1a ovata Upland 
4.	 Fagus grat~difolia Upland 
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5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
Fraxinus americana 
Juglans nigra 
Liriodendron tulipifera 
Platanus occidentalis 
Quercus alba 
Q. macrocarpa 
Q. muhlenbergii 
Q. palustris 
Q. rubra 
Q. velutina : 
Ulmus americana 
Upland 
Upland 
Lowland 
Upland 
Upland 
Upland 
Upland 
Lowland 
Upland 
Upland 
Upland 
(2) MESOPHANEROPHYTES 
Acer nigrum 
Aesculus glabra 
Carpinus caroliniana 
Carya cordiformis 
Celtis occidentalis 
Cenis canadensis 
Cornus florida 
Fraxinus lanceolata _ 
F. nigra _ 
F. pennsylvanica 
F. profunda 
F. quadrangulata 
Gleditsia triacanthos 
Gymnocladus dioica 
Maclura pomifera 
Morus rubra 
Nyssa syl-vatica 
Ostrya vil'giniana 
Populus deltoides 
P. grandidentata 
Prumes serotina 
Psedera quinquefolia 
Quercus bicolor 
Rhus tox:icodendron 
Salix nigra 
Tecoma radicans 
~ 
: 
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Upland 
Upland 
Upland 
Upland 
Upland 
Upland 
Upland 
Upland 
Upland and lowland 
Upland 
Lowland 
Upland 
Upland 
Upland 
Upland 
Upland 
Lowland 
Upland 
Lowland 
Upland 
Upland 
Upland 
Lowland 
Upland 
Lowland 
Upland 
Association 
27. Ulmus julva	 Lowland 
28. Viburnum lentago	 Upland 
29. Vitis mcolor	 Upland 
(3) MrcRoPHANEROPHYTES 
I. Aronia jloribunda	 Moat 
2. Asimina triloba	 Upland 
3. Benzoin aestivale	 Upland 
4. Cephalanthus occidentalis Moat and wet meadow 
5. Cornus amomum , Upland and moat 
6. Crataegus sP?	 Upland 
7. Evonymus atropurpureus.. Upland 
8. flex verticillata	 Moat 
9. Menispermum canadense Upland 
10. Prunus nigra	 Upland 
11. P. virginiana	 Upland 
12. Pteleatrijoliata	 Upland 
13. Rhus glabra	 Upland 
14. Salix discolor	 l\1oat and wet meadow 
15. S. discolor var. eriocephala Moat and wet meadow 
16. S. sericea	 Moat 
17. Sambucus canadensis Upland 
18. Smilax hispida	 : Upland 
19. S. rotundijolia	 Upland 
20. X anthoxylum americanum Moat 
(4) N ANOPHANEROPHYTES 
1. Ribes cynosbati	 Upland 
2. Rosa palustris	 Moat and wet meadow 
3. Rubus allegheniensis Upland 
4. R. hispidus	 Fen 
5. R. occidentalis	 Upland 
6. Solanum dulcamara	 Upland and lowland 
7. Spiraea salicijolia	 Moat and wet meadow 
II. CHAMAEPHYTES 
1. Decodon verticillatus Wet meadow 
2. Evonymus obovatus :.. Upland 
3.	 Phlox divaricata Upland
 
48
 
III.	 HEMICRYPTOPHYTES 
Association 
1. Agastache nepetoides __ _ Upland 
2. Asarum canadense	 _ Upland 
3. Asclepias incarnata	 Fen 
4. Aster laevis _ Upland 
5. Bidens trichosperma _ __ .Fen 
6. Calamagrostis canadensis __ Wet meadow 
7. Carex crinita	 _ Lowland 
8. C. laxiflora _	 Upland 
9. C. sP? __ __ .. __ __ __ ..Lowland 
10. Cystopteris jragilis __ __ .Upland 
11. Geranium maculatum __ ..Upland 
12. Geum vernum _.. __ _ __ Upland 
13. H euchera americana __ Upland 
14. Hybanthus concolor __ _.Upland 
IS. Hydrophyllum virginianum _ Upland 
16. Hypericum virginicum _ _ __ Wet meadow 
17. lsopyrum biternatum .. _ __ .. __ .__ ..Upland 
18. Lobelia cardinalis _ __ Fen 
19. L. siphilitica __	 __ Fen 
20. Luzula campestris var. multiflora Upland 
21. N epeta cataria _ _ __ __ Upland 
22. Onoclea sensibilis _ Lowland and upland 
23. Osmorhiza longistylis _ _ Upland 
24. Penthorum sedoides _ .Fen 
25. Polemonium reptans __ _..Upland 
26. Polygonum, hydropiperoides __ .Wet meadow 
27. P. m.uhlenbergii	 _ _: __ Wet meadow 
28. Ranunculus abortivus	 .. __ .Lowland 
29. R. recurvatus .. __ Lowland 
30. Scirpus cyperinus .. _ .. __ __ ..Wet meadow and fen 
31. Stellaria pubera _	 __ _ _Upland 
32. Stylophol'um diphyllum __ __ Upland 
33. Viola papilionaceae __ __ Upland 
34. V. rafittesquii __	 Upland 
35. V. scabriuscula _ _.. __ Upland 
36. V. striata __ __ Upland 
37. Woodsia obtusa _	 __ _._ Upland 
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__ 
__ 
IV. CRYPTOPHYTES 
( 1) GEOPHYTES 
Association 
I. Actea alba 
2. Allium sP? 
3. A1temon-ella thalictroides 
4. A pios tuberosa 
5. Arisaema dracO/tUum 
6. A. t1'1:phyllum _ _ 
7. Botrychium virginia/tum 
8. Camassia esculenta 
9. Claytonia virginica 
10. Dentaria laciniata _ 
11. Desmodium canadense 
12. Dicentra canadensis 
13. D. cucullaria 
14. Epifagus virginiana 
15. Equisetum hyemale 
16. Eriginea bulbosa 
17. Erythronium americanum 
18. E. albidum	 _ 
19. Eupatorium perfoliatum 
20. Hydrastis canadensis 
21. Hydrophyllum appendiculatum 
22. H. macrophyllum 
23. Iris versicolor 
24. funcus canadensis 
25. Lycopusun.iftorus 
26. Ph.ryma leptostachya 
27. Phytolacca decandra 
28. Podoph-yllum pellatum 
29. Polygonatum biftorum 
30. P. commutatum 
31. Sa1tguinaria canadensis' 
32. Smitacina racemosa 
.13. Tradescantia virgin-iana __ 
34. Trillium recurvatum 
35.	 T. sessile .. 
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_ 
: 
Upland 
__ Upland 
Upland 
_..Fen 
_., 
_ 
.__ _ 
__" .. Upland 
Upland 
I
1
i 
Upland 
Upland 
Upland 
Upland 
Upland 
Upland 
Fen 
Upland 
Upland 
Upland	 ~ 
Upland 
Upland 
Upland 
Upland 
Fen 
Upland 
Upland 
Upland 
Fen 
Wet meadow 
Fen 
Upland 
Upland 
Upland 
Upland 
Upland 
Upland 
Upland 
Upland 
(2) HELOPHYTES 
Association 
1. Aspidium thelypteris Wet meadow 
2. Carex impressa Wet meadow 
3. Dulichium arundinaceum : Wet meadow and fen 
4. Potentilla palustris Wet meadow 
S. Saggitaria latijolia Aquatic and fen 
6. Saururus cernuus Lowland and fen 
7. Sium cicutaejolium Fen 
8. Typha latijolia Aquatic 
(3) HYDROPHYTES 
1. Lemna minor Aquatic 
2. L. trisulca ~ Aqtlatic 
3. Nymphaea advena Aquatic 
4. Salvinia natans Aquatic 
S. Ranunculus delphinijolius Aquatic 
6. W olffia columbiana Aquatic 
V. THEROPHYTES 
1. Galium aparine Upland 
2. Gratiola virginiana Upland 
3. Impatiens biftora Lowland 
4. Polygonum saggitatum Wet meadow and fen 
DISCUSSION 
While making the above classification, difficulties were encountered 
in several instances. The geophytes and helophytes presented certain 
problems. During the rainy season of the year, some plants appear to 
be helophytes, yet in the dry season they have the life-form of a geo­
phyte or hemicryptophyte. It was with some difficulty that these am­
phibious plants, as Saururus cernuus, were classified. They were placed 
in the groups to which they belonged for the greater part of the year. 
There were certain geophytes and hemicryptophytes which were 
doubtful cases also. There are present other confusing factors besides 
a certain overlapping of the soil depths at which the perennating buds 
are hidden. Differences in the amount of leaf litter, unprotected soils 
versus protected soils and the angle of slope must be taken into con­
5i 
sideration. A number of studies were made of the doubtful plants and 
they were classified according to the growth form which the majority 
of the cases assumed. 
In the interpretation of the biological spectra, Table I, the difference 
in the general types of life-forms found in each association is very clear. 
The wet meadow of the bog succession contains some shrubs, marsh 
plants and hemicryptophytes which are able to stand excessive mois­
ture, and an occasional therophyte which comes in the Jess moist places 
in the dry seasons. The wet meadow contains more variety of life­
forms than does any other association with the exception of the upland 
climax forests. The moat is vegetated entirely by densely grown shrubs 
and small trees. In contrast, the plant life of the fen is made up of a 
large group of hemicryptophytes, many species of marsh plants, a num­
ber of geophytes and a few annuals coming in in the dry season. The 
lowland or swamp forest contains many species of trees and shrubs, 
with a few marsh plants and a rather large number of hemicrypto­
phytes. There are some annuals which come into the lowland forest in 
the dry season. The upland forest has represented in it all the forms 
with the exception of the marsh and aquatic plants. The phanero­
phytes are dominant here with a few annuals and a very large per­
centage of geophytes. 
It will be noticed that there is a gradtlal decline in the number of 
species and in the number of life-forms from the climax or upland 
forest to the original hydrophytic stage. There is a rise in the number 
of species and life-forms from the hydrophytic association to the wet 
meadow stage. 
The phanerophytes are predominant with 43.23 per cent. of the total 
flora assuming this life-form. The cryptophytes are next with a per­
centage of 29.84, closely followed by the hemicryptophytes with a per­
centage of 22.53. The therophytes and chamaephytes occur in fewer 
cases than any of the other life-forms. The low percentage of thero­
phytes is probably due to the fact that all weeds and roadside plants 
were omitted, only native species being included in the flora. 
SUMMARY 
1. There is a gradual increase in the number of species and of life­
forms from the hydrophytic association through each succeeding stage 
of the swamp succession. The beech-maple forest or climax stage COn­
5~ 
tains a grea ter 
associations. 
2. There is 
the aquatic statl 
of the bog suce;, 
3. The classl 
gives a definite 
pheric effects 01 
protection Whi~ 
ing buds. In 
slightly protee 
buds are well 
NOTE: This ",4 
for an A. B. de 
Stanley A. Cain, 
progressed. 
1. ADAMSON, R. 
15: 278-309. 
2.	 CA1N, S. A. 
Swamp. Bol. 
3.	 ENNIS, BEULA 
in Relation 1 
4.	 FULLER, G. 
and Statistic: 
5.	 PAULSEN, O. 
World 18: 15 
6.	 SMITH, W. 
Ecology 1: 16 
7.	 SUMMERHAY 
bergen. Jou 
8.	 TAYLOR, No 
Illustrated b: 
Garden Mem 
9.	 -- The Gr 
Bot. 2: 23.31 
:Lnd 
rit¥ 
nce 
ear. 
arsh 
ubs, 
!piO-
I t in 
-rms 
r ero­per­
ler of 
,land 
r1ber wet 
total 
I per­l per­
ewer ~hero­.Iants 
Ii fe­
stage
rCon­
tains a greater number of species and life-forms than any of the other 
associa lions. 
2. There is an increase in the number of species and life-forms from 
the aquatic stage to the wet meadow, which is the only remaining stage 
of the bog succession. 
3. The classification of plants of various associations into life-forms 
gives a definite result, showing the difference in the edaphic and atmos­
pheric effects of the surroundings of each association on the method of 
protection which the flora of that association assumes for the perennat-. 
ing buds. In the upland forest, a predominance of phanerophytes with 
slightly protected buds are found, while in the aquatic situations the 
buds are well protected, the plants all being cryptophytes. 
NOTE: This work was done in co'nnection with 111-a.gna. cum laude requirements 
for an A. B. degree at Butler University. The subject was suggested by Professor 
Stanley A. Cain, who has rendered many other helpful suggestions as the work 
progressed. 
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